Restriction endonucleases EcoRI, BamHI, HindIII, BglI, BglII, HpaI and PstI recognized 48 cleavage sites in EDS adenovirus strain B8/78 DNA, whereas CELO virus DNA was cut into 61 fragments by the same enzymes. No similarity could be detected in the restriction patterns obtained from the two avian adenoviruses. The calculated mol. wt. of B8/78 DNA was 22.6 × 106 [about 34-2 kilobases (kb)] and that of CELO virus DNA was 28.9 x 10 6 (about 43.7 kb). The fragments generated from B8/78 DNA by EcoRIand BamHI were physically mapped.
INTRODUCTION
In 1976 a new and economically important disease emerged in laying hen flocks (Van Eck et al., 1976) , characterized mainly by serious decrease in egg production. The disease, now called the egg drop syndrome (EDS), is caused by an adenovirus, designated strain 127 (McCracken & McFerran, 1978) , which can be distinguished from the eleven fowl and two turkey prototype strains by serological methods (Adair et al., 1979) . In a detailed biochemical study (Todd & McNulty, 1978) strain 127 displayed features characteristic of members of the Adenoviridae and its polypeptide structure was found to be in close similarity with that of chick embryo lethal orphan (CELO) virus (fowl adenovirus type 1). The egg drop syndrome was also observed in Hungary and the virus isolated (designated strain B8/78) was found to be antigenically closely related to strain 127 (Zs~k & Bartha, 1979) . The genomic content of the B8/78 virus strain was found to be 22.9 x 106 daltons, as estimated by EcoRI digestion (Kisary & Zsfik, 1980) . This value roughly corresponds to that reported for human adenoviruses (Green et al., 1967) but is considerably different from CELO virus (Laver et al., 1971; Potter et al., 1971) .
In the present study we have determined the restriction patterns of B8/78 virus and CELO virus DNAs by using seven different restriction endonucleases. In addition, we have constructed physical maps of B8/78 DNA using both EcoRI and BamHI restriction endonucleases. B8/78 (Zsfik & Bartha, 1979) was produced and purified as described previously (Kisary & Zs~ik, 1980; Zs~tk & Kisary, 1981) . CELO virus strain Phelps was propagated in chick embryos and purified by the same method as strain B8/78.
METHODS

Viruses. EDS adenovirus strain
Preparation of DNA. The DNA from both strain B8/78 and CELO virus was extracted from the purified virions by phenol extraction as has been described previously (Kisary & Zs~k, 1980) . To determine the end-fragments, the DNA-protein complex (DPC) was prepared by the method described by Winberg & Hammarskj61d (1980) . In the calibration of DNA fragments, Ad20-DNA-SmaI (17 fragments with mol. wt. between 0.32 × 10 6 and. Restriction analysis. Restriction endonucleases EcoRI, BamHI, HindIII, BglI, BgIII, HpaI and PstI were also the kind gifts of Dr G. Wadell. Restriction buffer for all enzymes, except for HindIII, contained 10 mM-MgC12, 10 mM-tris-HC1 pH 7.5. HindIII was used in a buffer of 50 mM-NaC1, 10 mM-MgC1 v 10 mM-tris-HC1 pH 7.9. The reactions were terminated by adding a solution of 40% Ficoll, 50 mM-EDTA, 0-2% bromophenol blue (BPB). The conditions of digestion and gel electrophoresis were essentially the same as previously described (Kisary & Zs~,k, 1980) unless otherwise specified.
Construction of physical maps. The end-fragments were determined by the method described by Winberg & Hammarskj61d (1980) . To find the A-T-rich end of the B8/78 DNA molecule (Doerfler & Kleinschmidt, 1970; Mulder et al., 1974; Anonym, 1977) an EcoRI digest of B8/78 DNA was melted in 50 % formamide (Merck, Darmstadt, F.R.G.) at various temperatures for 15 min and subsequently electrophoresed. One of the end-fragments denatured by less heat was considered to be positioned at the right-hand end of the DNA molecule (Anonym, 1977) . The fragments between the ends were mapped by partial cleavage and combined digestion.
R E S U L T S
Restriction patterns ofB8/78 and CELO DNAs for EcoR/, BamHI, HindlII, BglI, BglH, H p a / a n d PstI
The restriction patterns obtained for both B8/78 EDS adenovirus DNA and CELO virus DNA using seven different restriction endonucleases are shown in Fig. 1 . In the case of strain B8/78, 48 fragments were generated, while the CELO DNA was cut into 61 fragments. The mol. wt. of the fragments and the calculated numbers of the base pairs are presented in Table Table 1 . 
Restriction enzyme analysis of EDS and CELO virus DiVAs
Restriction maps ofB8/78 DNA for EcoRI and BamHI
Each strand of the adenovirus DNAs is covalently linked to a protein at the 5' end (Robinson et al., 1973) . When the DNA is extracted from the virions without removing the protein the DNA remains sensitive to enzymic digestion but the aggregated DPCs cannot enter the gel during electrophoresis (Sharp et aL, 1976) . When the B8/78 DPC was digested with endonuclease EcoRI, fragments B and C were excluded from the gel thus indicating their end position (Fig. 2) . The endonuclease BamHI cuts the B8/78 DNA into four fragments, but when DPC was used only the fragments C and D could be visualized, proving the end position of fragments A and B.
The melting point (T m) of duplex DNA is decreased by 0.56 °C when 1% formamide is added (Tibbetts et al., 1973) . Since the heat denaturation is dependent only on the G + C content but not on the mol. wt. (Marmur &Doty, 1962) , we melted the EcoRI-B8/78 DNA digest in the presence of -~0% formamide at 50, 55 and 60 °C for 15 min respectively. Subsequent electrophoresis showed that all fragments denatured after heating at 60 ~ C. In the next step we performed the same procedure but the samples were heated at a range of temperatures from 55 to 60 °C, elevating the temperature by half-degrees (+0.1 °C). We found that the fragment C completely denatured at 57.5 °C (Fig. 3) , suggesting its A-T-rich base composition (Marmur & Doty, 1962) . Therefore, based on the convention established earlier (Anonym, 1977 ) the fragment C will be positioned at the right-hand end and the fragment B at the left-hand end of the B8/78 DNA molecule.
To determine the orientation of the B8/78 DNA fragments generated by endonuclease BamHI we performed a combined digestion with endonucleases EcoRI and BamHI. As shown by Fig. 4 the fragment B generated by BamHI is positioned at the left-hand end since the fragment E (mol. wt. 1.6 x 106) could only be produced when the EcoRI end-fragment B (mol. wt. 5 x 106) was excised from BamHI end-fragment B (mol. wt. 6-6 x 106).
To determine a physical map, B8/78 DNA was digested with EcoRI for 1, 2, 4, 8, 16 and 60 min respectively, and the samples were electrophoresed (Fig. 5) . The appearance of fragment P3 with a mol. wt. of 5-2 × 106 indicates that fragments C and D are juxtapositioned. This was confirmed by fragment P2 (mol. wt. 14-3 x l0 s) which is derived from the incomplete cleavage of fragments D and A. Consequently, the physical order of the fragments generated by EcoRI must therefore be BADC. With endonuclease B a m H I a similar partial digestion was performed. As seen in Fig. 6 the fragment D is positioned adjacent to fragment B since the partial cleavage produced a fragment (P3) with mol. wt. 8 x 106, which is the sum of fragments D and B. Therefore, the physical map of B8/78 DNA for endonuclease B a m H I must be BDCA (Fig. 7) .
D I S C U S S I O N
Unlike the extensively studied human adenoviruses, out of the established 13 serotypes of avian adenoviruses only the CELO virus has been investigated in detail (Laver et al., 1971; Potter et al., 1971) . The human adenoviruses contain a linear, circularly non-permuted duplex DNA with a mol. wt. of 20 × 106 to 25 x 106, which is equal to 30 to 36.5 kb on average (Green et al., 1967) . The DNA of CELO virus was found to be 28 x 106 to 30 x 106 in size, which is significantly more than that for human adenoviruses (Laver et al., 1971; Potter et al., 1971; Younghusband & Bellett, 1972) . In the past few years a new disease emerged in laying hen flocks which was caused by an adenovirus (McCracken & McFerran, 1978; Zsfik & Bartha, 1979) . Probably due to their economic importance, EDS adenovirus strains are being extensively studied in several laboratories. In a previous paper we reported that EDS adenovirus strain B8/78 has a D N A genome of mol. wt. 22.9 × 106 with two EcoRI cleavage sites (Kisary & Zs/tk, 1980 In our work presented here we confirmed the difference in the genomic content of the B8/78 virus strain and CELO virus; an additional small fragment with mol. wt. 0.8 × 106 was detected after B8/78 DNA was digested with EcoRI. By using seven different endonucleases the genomic content of B8/78 virus strain was found to be 22.6 × 106 and that of CELO virus was 28.9 × 106, values which roughly corresponded to those reported earlier (Kisary & Zsfik, 1980; Potter et al., 1971; Younghusband & Bellett, 1972) . The calculated numbers of DNA base pairs are 34.2 kb for B8/78 virus and 43.7 kb for CELO virus. The latter value differs considerably from that of human adenoviruses. These data are worth noting because the structural proteins encoded for by both avian adenovirus DNAs are nearly the same not only in numbers but also in the mol. wt. (Todd & McNulty, 1978) .
R e s t r i c t i o n e n z y m e analysis o f E D S a n d C E L O virus D N
Although, the 109 cleavage sites obtained by digesting the B8/78 and CELO DNAs with the seven different enzymes were not physically mapped, tlae restriction patterns observed suggest no relationship at genomic level between the two avian adenoviruses investigated. Only two fragments were of the same mol. wt. generated by BglI (2.3 × 106) and BgIII (5 x 106) in both B8/78 and CELO DNAs. This result also indicates that these two avian adenoviruses are not related, not only in the antigenic properties (Adair et al., 1979) but also in the distribution of large numbers of restriction endonuclease recognition sites.
The physical maps of B8/78 DNA obtained for EcoRI and BamHI along with the restriction patterns for other enzymes used in this experiment suggest that the genome of the EDS adenovirus, similarly to human adenoviruses, is a linear duplex circularly non-permuted molecule. It can also be stated that one of the end regions of the DNA molecule is richer in A-T compared to the other one. In a more precise experiment the CELO DNA behaved similarly since under alkaline conditions it denatured more readily between the map positions of 0.75 and 1 than at other sites (Younghusband & Bellett, 1972) .
As with human adenoviruses, the endonuclease restriction patterns and the physical maps seem to be a good tool for studying the relationship among avian adenoviruses. In addition, the physical maps can serve as a base to construct the biological map of B8/78 DNA in our future experiments.
